The main objective of our work is to measure 238 U, 232 Th, 222 Rn and 220 Rn in different table oil samples using a method based on the use of two types of solid nuclear track detectors: CR-39 and LR-115 II in order to determine the doses of radiation received by the individuals following ingestion of the samples of table oil studied. Indeed, we have developed an original method based on the determination of the detection efficiencies of CR-39 and LR-115 II solid nuclear track detectors for alpha particles emitted from the uranium 238 and thorium 232 series to evaluate 238 U, 232 Th, 222 Rn and 220 Rn concentrations in different table oil samples. We were able to determine doses of radiation due to 238 U, 232 Th and 222 Rn received by individuals of the Moroccan, French, Italy, Spain and Tunisia populations following the ingestion of table oil. The effective doses committed due to 238 U, 232 Th, and 222 Rn following the ingestion of the table oil by the consumers were determined. The maximum total committed effective dose was found equal to (10±0.7) µSv·y -1 of the Moroccan population, (11.6±0.7) µSv·y -1 of the French population, (10.3±0.7) µSv.y -1 of the Italian population, (10.4±0.5) µSv·y -1 of the Spanish population and (10.5±0.7) µSv·y -1 of the Tunisian population is much lower than the average dose given by the United Nations Scientific Committee on the Effects of Atomic Radiation [1] for ingestion (0.2 to 0.8 mSv·y -1 ). The results obtained using our method are in very good agreement with those obtained using the model of the International Commission on Radiological Protection
Introduction
The natural radioactive elements existed since the creation of the earth, about 4,5 billion years ago. Indeed, they are found in soils, rocks, and water. These radionuclides are introduced to the human body by ingesting various foods through the gastrointestinal system, inhaling air through the respiratory system and applying different products to human skin.
Table oil is an element that plays a very important role in the diet of urban populations. As a result, it is necessary to measure the concentrations of 238 232 Th, and 222 Rn are determined in some beverage foods using gamma spectrometry [2] and by using inductive coupling of plasma mass spectrometry (ICP-MS) [3] . Both methods are destructive and expensive.
The annual effective doses initiated of 238 U, 232 Th were evaluated in different foods using the International Commission on Radiological Protection (ICRP) using the dose coefficients by ingestion [4] , in the different samples olive oil [5] and in oil and lubricant oil [6] . In this work, we use a method based on the use of nuclear solid trace detectors (SSNDs) to measure the concentrations of 238 U, 232 Th and 222 Rn in the various table oil samples in order to evaluate radiation doses received by consumers following ingestion of these table oils.
Measurement of 238 U, 232 Th and 222 Rn concentrations in different table oil samples
The principle of the method is that described by Misdaq et al [4] . In a well-sealed plastic capsule (using glue and cellophane tape), 4 cm in diameter and 1 cm in height, the studied sample is placed in direct contact with the CR-39 and LR detectors (Figure 1) for one month (30 days). During this exposure time, the alpha particles emitted by radionuclides of the radioactive families of uranium-238 and thorium bombard the detectors used. After this irradiation, the exposed films were developed in two solutions of sodium hydroxide (NaOH) under optimum development conditions ensuring good film sensitivity and good reproducibility of recorded trace densities: 2.5N at 60°C for 2h for the LR-115 type II and 6.25N at 70°C for 7h for the CR-39. 
Rn concentrations in different table oil samples
The principle of the method is that described by Misdaq et al sealed plastic capsule (using glue and cellophane cm in height, the studied sample 39 and LR-115 type II ) for one month (30 days). During this exposure time, the alpha particles emitted by radionuclides of and thorium-232, bombard the detectors used. After this irradiation, the exposed films were developed in two solutions of sodium hydroxide (NaOH) under optimum development conditions ensuring good film sensitivity and good reproducibility of recorded trace 115 type II and 6.25N
Locality of the table oil
Morocco French Italy Spain Tunisia -115 type II solid a table oil material closed plastic container of radius q = 2 cm, depth lue is put between the plastic cover and plastic container and both are covered by a Sellotape of After this chemical treatment, the trace densities recorded on solid nuclear track detectors (CR determined using an optical microscope. Background noise was determined by placing these detectors separately in well and empty (air) polyester cylindrical capsules for one month (30 days). This operation is repeated ten times, the trace densities recorded on detectors CR found identical to the statistical uncertainties near.
In our experimental development conditions, the residual thickness of the LR-115 type II detector measured with a mechanical comparator is 5 µ minimum energy limit (E min energy limit (E max = 4.7 MeV) for recording traces of alpha particles on the LR-115 type II detector [ emitted by the radionuclides of uranium radioactive families reaching the LR angle below its critical development angle energy of 1.6 MeV and 4.7 MeV are recorded as visible traces under the microscope. The CR particles that reach its surface at an angle less than its critical development angle . The angles using a method described by Misdaq After this chemical treatment, the trace densities recorded on solid nuclear track detectors (CR-39 and LR-115 II) were etermined using an optical microscope. Background noise was determined by placing these detectors separately in well-closed and empty (air) polyester cylindrical capsules for one month (30 days). This operation is repeated ten times, the trace corded on detectors CR-39 and LR-115 II were found identical to the statistical uncertainties near.
In our experimental development conditions, the residual 115 type II detector measured with a mechanical comparator is 5 µm. This thickness defines the min = 1.6 MeV) and the maximum MeV) for recording traces of alpha 115 type II detector [7] . All alpha particles emitted by the radionuclides of uranium-238 and thorium-232 radioactive families reaching the LR-115 Type II detector at an angle below its critical development angle ! with residual MeV are recorded as visible traces under the microscope. The CR-39 is sensitive to all alpha that reach its surface at an angle less than its critical . The angles and ! were calculated using a method described by Misdaq et al [8] . The traces densities recorded on the detectors CR-39 ( ) and LR-115 II ), after subtracting the corresponding background noise, are given by the following expressions [4] :
Eq. 2 ' are, respectively, the surface areas of the CR-115 II films, C(U) (ppm) and C(Th) (ppm) are the Th concentrations of the material sample, A U (Bq/g) (Bq/g)=0.0041 are the specific activities of a U content of 1 ppm and a 232 Th content nsity of the material sample (g·cm -3 ), R j ' are the ranges in the sample of an alpha particle of emitted by the nuclei of the 238 U Th series respectively, k j and k j ' are, respectively, the branching ratios corresponding to the disintegration of the Th series and , ! , and are, respectively, the detection efficiencies of the CR-39 115 II detectors for the emitted alpha-particles. The Equations 1 and 2 correspond to the particles emitted by the 238 U family (eight emitting nuclei), whereas the second terms correspond to particles emitted by the 232 Th series (seven The uranium content of a food material sample is given by (Equation 2): By measuring the global trace densities ( calculating the detection efficiencies ( ) and Fortran program "SSNTDE & M" [8] , we can evaluate the ratio ( @A / ) and consequently the uranium and in thorium for a given sample of table oil.
Since the plastic capsules are well closed (there is no escape of radon and thoron gas) and the exposure time is 30 days (about seven times the period of radon which is 3.82 days), a secular radioactive balance is established between the uranium 238 and each of its descendants on the one hand, and between the thorium 232 and each of its descendants on the other hand. According to the method developed at the Laboratory of Physics and Nuclear Techniques of the Faculty of Sciences Semlalia of Marrakesh [8] , the densities of traces recorded on the detectors CR-39 (( ) and LR-115 II (
Where A c ( 222 Rn) (in Bq·L -1 ) and Ac ( 220 Rn) (in Bq respectively alpha activities in radon and thoron in a sample of table oil.
By combining Equations 5 and 6, the ratio of alpha activities of thoron to that of radon is given by the following relation: The alpha activity of radon in a sample of table oil is given by:
The ranges of the emitted alpha-particles in table oil and SSNTDs were calculated by using the TRIM (Transport of Ions in Materials) program [9] . The TRIM code is a FORTRAN computer program based on the theory of penetration of ions in solids as described in detail by Ziegler et al [10
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The uranium content of a food material sample is given by
Eq. 4
) and ( ) and ) and ! using the ], we can evaluate the ratio ) and consequently the uranium and in Since the plastic capsules are well closed (there is no escape ) and the exposure time is 30 days (about seven times the period of radon which is 3.82 days), a secular radioactive balance is established between the uranium 238 and each of its descendants on the one hand, and between cendants on the other hand. According to the method developed at the Laboratory of Physics and Nuclear Techniques of the Faculty of Sciences ], the densities of traces recorded on ) are given by:
Rn) (in Bq·L -1 ) are respectively alpha activities in radon and thoron in a sample of , the ratio of alpha activities of thoron to that of radon is given by the following relation:
The alpha activity of radon in a sample of table oil is given by: 
Determination of the alpha 232 Th, and 222 Rn in the human body from the ingestion of table oil
The alpha activities of uranium compartments of the human body following the ingestion of a sample of table oil are obtained by solving the previous differential equations using the Maple condition initially a null activity in the different compartments except that in the stomach, indeed for the compartment has:
where: I U (in Bq y -1 ) is the annual incorporation of the ingestion of a sample of constant rate expressed in d -1 .
The alpha activities of thorium compartments of the human body following the ingestion of different table oil samples are obtained by solving the previous differential equations using the Maple 10 taking as an initial condition an activity none in the different compartments except the one in the stomach, indeed for compartment
where: I Th (in Bq y -1 ) is the annual incorporation of the ingestion of a sample of table oil, constant rate expressed in d -1 .
According to the International Commission on Radiological Protection dosimetric model for the gastrointestinal [12] [13] , each of the four sections of this system single compartment: the stomach (St), small intestine (Si), upper large intestine (Uli) and lower large intestine (Lli). There are two pathways out of the Si: one leads to the Uli and the other to blood (B), as shown in 
Determination of the alpha-activity due to 238 U, Rn in the human body from the
The alpha activities of uranium-238 in the different compartments of the human body following the ingestion of a sample of table oil are obtained by solving the previous differential equations using the Maple 10 [11] taking as a null activity in the different compartments except that in the stomach, indeed for the compartment n one W Eq. 9
) is the annual incorporation of 238 U due to estion of a sample of table oil, R S I is a constant, Z S I is a
The alpha activities of thorium-232 in the different compartments of the human body following the ingestion of different table oil samples are obtained by solving the previous differential equations using the Maple 10 taking as an initial vity none in the different compartments except the one in the stomach, indeed for compartment n we have: 222 Rn is transferred from the stomach to the other organs of the gastrointestinal system [15] . The alpha activities due to radon in different tissues of the gastrointestinal system following ingestion of various table oil samples are obtained by solving the system of differential equations representing the various ratios of these activities using the Maple [11] provided that all activities are zero at the initial time except that of the stomach. 
Evaluation of annual committed effective doses due to 238 U, 232 Th, and 222 Rn in the human body from the ingestion of table oil
The committed equivalent doses due to 238 U and 232 Th in the tissue T from the ingestion of a table oil sample are respectively given by:
where τ is the integration time (in years) following intake. τ is equal to 50 y for adults and 70 y for infants and children. is the specific alpha-dose (Gy) deposited by alpha-particles emitted by 1 Bq of 238 U in the tissue T. D sp $ (@ℎ)is the specific alpha-dose (Gy) deposited by alpha-particles emitted by 1 Bq of 232 Th in the tissue T. W R is the radiation weighting factor which is equal to 20 for alpha-particles [17] . The D sp $ ( ) and the D sp $ (@ℎ) specific alpha-doses are respectively given by [19] : where m T is the mass of the target tissue T (in kg) [16] . K j is the branching ratio for 238 U disintegration. K j' is the branching ratio for 232 Th disintegration. R j is the range of the alphaparticles emitted by 238 U in the tissue of the target organ (g cm -2 ). R j' is the range of the alpha-particles emitted by 232 Th in the tissue of the target organ (g cm -2 ). k = 1,6.10 -13 (J MeV -1 ) is a conversion factor. S j' is the stopping power of the tissue T for the alpha particles emitted by 238 U (MeV cm 2 g -1 ). S j' is the stopping power of the tissue T for the alpha-particles emitted by 232 Th (MeV cm 2 g -1 ). R j , R j' , S j and S j' were calculated by using the TRIM program [9] .
The annual committed effective doses due to the 238 U and 232 Th radionuclides from the ingestion of a table oil sample are respectively given by:
where W T is the tissue weighting factor [17] . These annual committed effective doses are also evaluated by using the following relationships:
Eq. 18
where I U (Bq y -1 ) and I Th (Bq y -1 ) are, respectively, the 238 U and 232 Th intakes, and e(g) U (Sv Bq -1 ) and e(g) Th (Sv Bq -1 ) are, respectively, the ICRP ingestion dose coefficients for the 238 U and 232 Th radionuclides [19] .
Assuming that only 1% of the energy of the alpha particles is included in computing the effective energies for the GI tract [20] , the committed equivalent dose due to 222 Rn in the tissue T from the ingestion of a table oil sample is given by: where m T is the mass of the target tissue T; K j is the branching ratio for 222 Rn disintegration; R j is the range of the alpha particle emitted by 222 Rn; S j is the stopping power of the tissue T for the alpha particle emitted by 222 Rn; and k = 1,6.10 -13 (J MeV -1 ) is a conversion factor. The committed effective dose due to 222 Rn from the ingestion of a table oil sample is given by
where W T is the tissue weighting factor [17] .
Results and discussion 238 U, 232 Th, 222 Rn, and 220 Rn concentrations inside various table oil samples
We collected different oil samples studied and measured concentrations in 238 U, 232 Th and alpha activities in 222 Rn and 220 Rn. The results obtained are shown in Table 2 .
Since the solid nuclear track detectors used were developed in two NaOH solutions under optimal development conditions, the overall trace densities recorded on these films were determined using the same optical microscope with an x40 amplitude, only the statistical uncertainty on trace count is predominant. From the statistical uncertainty on the count of the traces, one can determine the uncertainty on the density of traces per unit of time, then estimate the uncertainty on the concentrations of uranium, thorium, radon, and thoron, which is of the order 8%. It should be noted that all the table oil samples studied contain more thorium than uranium. This is because the soils on which soybean, rapeseed, sunflower, maize grow, contain more thorium than uranium [5] .
In order to validate our method, the 238 U and 232 Th concentrations were measured in table oil samples imported from four Mediterranean countries as well as in two Moroccan table oil samples using our method and mass spectrometry isotope dilution (IDMS). The results obtained by the two methods are in good agreement with each other ( Table 2) .
In order to compare the concentrations of 238 U, 232 Th, 222 Rn and 220 Rn in different samples of table oils studied we have drawn the graph above (Figure 3) .
We find that the 232 Th concentrations are higher than those of 238 U, which is explained by the fact that soybeans, rapeseed etc. occur in soils containing more thorium than uranium. The 238 U and 232 Th concentrations obtained using our method are in good agreement with those measured using Isotope Dilution Mass Spectrometry (IDMS).
Committed effective doses due to 238 U, 232 Th, and 222 Rn in the human body from the ingestion of various table oil samples
Annual uranium I U , thorium I Th , and radon I Rn intakes by the members of Moroccan Italian, French, Spain and Tunisian (different age groups) populations from the ingestion of table oil were determined (Tables 3-7) . The relative uncertainty of the uranium and thorium annual intakes determination is of the order of 10%. Table 7 
Samples

. Data obtained for the annual committed effective doses due to uranium E U , thorium E Th , and radon E Rn from the ingestion of different table oil samples by adult
The maximum value of the committed effective dose due to 238 U, 232 Th, and 222 Rn following ingestion of table oil for adults of a Moroccan, Italian, French, Spain and Tunisian (different age groups) populations was found to be 11.6 µSv.y -1 (FOT12). which is lower than the global average values for ingestion (ranging from 0.2 to 0.8 mSv.y -1 ) [1] .
The effective doses incurred by 238 U and 232 Th following ingestion of table oil by the adult members of the Moroccan, French, Italian, Spain and Tunisian populations were determined using this method and by the use of ingestion dose coefficients given by the International Commission on Radiological Protection ICRP [19] . The results obtained by these two methods are in good agreement with each other ( Table 7) .
The committed effective doses due to 222 Rn following the ingestion of table oil by the adult members of the Moroccan rural populations were evaluated using our method and by the use of the ingestion dose coefficients given by the United Nations Scientific Committee on the Effects of Atomic Radiation UNSCEAR ( Table 7 ) [1] . The difference between data obtained by the two methods is due to the fact that the committed effective dose was evaluated only in the gastrointestinal tract, whereas the UNSCEAR ingestion dose coefficient is for the whole human body.
Conclusion
In this study, we have shown that concentrations of uranium-238 and thorium-232, as well as alpha activities per unit volume due to radon-222 and thoron-220, can be determined in different table oil samples using the solid nuclear track detectors CR-39 and LR-115 II.
The use of dosimetric models developed by the International Commission on Radiological Protection (ICRP), for radionuclides 238 U, 232 Th, and 222 Rn, allowed us to determine the committed dose equivalents due to these radioelements, following ingestion of a sample of table oil and deduce thereafter the corresponding effective doses.
This work has focused on the method of alpha particle detection efficiencies based on the SSNTDs' technique, which has the advantage of being inexpensive, sensitive, and accurate, and does not need the use of any standard for its calibration, is a good tool for assessing radiation-dose risk due to the ingestion of table oils.
